A/iropuTMbi 

ypoK 1 

Hto TaKoe a/iropnTM? 

AnropMTM — Ha6op i/iHCTpyKLji/ii/i, oni/icbiBaK)Lni/ix nopaflOK fleMCTBMfi ncnofiHMTena fl/ia 
flOCTi/ixem/iH pe3ynbTaTa peujeHna 3aflaHi/i 3a KOHenHoe hmcjio flei/iCTBi/ii/i (BMKuneflna). 

Tuni/iHHbiM npniviep: peuenT npuroTOBneHi/ia 6nK)fla. B OTfinnne ot anropwTMa flrm 
KOMnbKDTepa, peueriT noflpa3yi\/ieBaeT HGKOTopyK) CBo6ofly flefiCTBi/ii/i i/i npocTpaHCTBO fl/ia 

MMnpOBM3aL4MM. KOMIlbKDTepHblM aJU~Opi/ITM flOfl>KeH SblTb H8TK0 OIH/ICaH H H8TK0 BbinOflHeH . 

riporpaMMa * anropi/iTM. 

riporpaMMa cymecTByeT i/i BbinonHneTcn b KOMnbKrrepe i/i mo>kgt i/icno/ib30BaTb anropi/iTMbi 
fl/in pea/ibHoro peujeHna 3aflan. 

AnropnTM - aScTpaKTHoe noHRTue , oni/icaHi/ie i/iflei/i (Bpofle MaTGMaTi/iHGCKOM Teopi/ii/i). 

Hac MHTepecyeT He cno>KHOCTb KOHKpeTHOi/i 3aflaHn, a pocT cjio>khocth . KaK cn/ibHO 
yBennHMTca KOJinnecTBO paSoTbi c yBeni/ineHi/ieM BxoflHbix flaHHbix? 

ripuMep riMHei/iHoro pocTa : KpacnTb CTeHy. B flBa pa3a 6o/ibLue nnoLuaflu - b flBa pa3a 
6onbLue BpeivieHM noTpeSyeTca. 

npniviep HenMHeMHoro pocTa : noi/iCK cpaMi/mi/ii/i b TenecpOHHOM cnpaBOHHMKe. Ecjii/i yBe/innnTb 
cnpaBOHHMK b flBa pa3a, to BpeMn noi/icxa He yBe/inHMTcn b flBa pa3a (ecni/i Mbi i/icno/ib3yeM 
He rnynbiM MeTOfl noi/icxa ot Hana/ia flo KOHqa). 



HeMHoro mctopmm 

825 r., A6y A6flyrmax MyxaMMefl h6h Myca anb- 
Xope3MM . yneHbifi 1/13 Xope3Ma. Cjiobo "anropi/iTM" 
CKopee Bcero npon30LUfio ot ero cpaMnnni/i. 

1834 r., AHa/iMTMHecKafl Mawi/ma Hap/ib3a 
E366nfl>Ka . no 3aflyiviKe aBTopa aBfineTcn 
nporpaMMnpyeivibiM ycTpoMCTBOM flfin peujeHna 
uenoro Kfiacca BbiHi/icni/rrenbHbix 3aflan. Aaa 
JlaBfiei/ic oni/icana nepBbie nporpaMMbi a/ifi 
aHa/ii/iTi/inecKOM Mawi/iHbi. rpacpMHn /laBfiei/ic 
CHMTaeTca nepBbiM b Mwpe nporpaMMMCTOM. 




ripun/iep a/iropuTMa: ywiHOKGHMG c/iOKeHnen/i 

axb = a + a + a... + a(b pa3) 

A6cTpaKUMFi - Ba>KHoe noHHTwe b nporpaMMnpoBaHnn h i/mcpopMaTUKG. AnropnTM mo>kho 
pacciviaTpMBaTb KaK a6cTpaKTHyio Kopo6Ky, KOTopaa npi/mmviaeT flaHHbie, npon3BOAi/n~ 
KaKne-TO onepau.nn h " B03BpamaeT " pe3ynbTaT. 




MULT-BY-ADD (a, b) 



c «- 

FOR each number from 1 to b 
c «- c+a 



c = a x b 



RETURN c 



CopTupoBKa 

CopTupoBKa - Ba>KHaa 3aflana, KOTopaa pewaeTCH noBCKDfly. 



Bogosort 

rnynbiM anropi/iTM copn/ipoBKi/i, no/iaraiOLni/ii/icfl Ha yaany. 

BOGOSORT (A) 

while not isSorted(A) 
shuffle(A) 



CopTupoBKa ny3bipbKOM (Bubble sort) 

CpaBHMBaeM Bee conpi/iKacaiOLni/iecH napbi Hi/icen, Mehmeivi Hi/icna MecTaMi/i ecni/i Hy>KHO. 
CaMbie 6ofibLune Hi/icna "noflm/iiviaiOTCFi" (KaK ny3bipbKn b cocyqe BOflbi) b Bepx (kohgu) 
cnncKa. 

BUBBLE-SORT (array A of n numbers) 

for i = (n-1) to 1 

for j = to (i-1) 

if A[j] > A[j + 1] 

swap A[j] with A[j+1] 

(Bufleo: BH3yajii/i3au,i/ia pa6oTbi anropi/iTMa copn/ipoBKi/i ny3bipbKOM - https:// 
www, youtube.com/watch ?v=Cq7SMsQBEL)w ) 

Ananm KonnnecTBa cpaBHeHnPi: arm Macci/iBa 1/13 n Hi/icen: 

(n-1) + (n-2) + ... + 1 

cpaBHeHnPi. 3to 

n(n-1)/2 = n 2 /2-n/2 

n 2 sto caMbiM "TaxenbiM" sneivieHT BbipaxeHi/m, oh 6o/ibLue Bcero Bjii/meT Ha cyMMy npi/i 
M3MeHeHMM n. nosTOMy Mbi ncnofib3yeivi ero flfia rpy6oPi oueHKM npoi/i3BOAHTe/ibHOCTi/i 
a/iropi/iTMa - 0(n 2 ). 



CopTupoBKa BCTaBKaMM (Insertion sort) 



noxo>K Ha copn/ipoBKy ny3bipbKOM. CocTaBfiaeM OTCopTi/ipoBaHHbii/i Macci/iB b Hanane cni/iCKa, 
Ao6aBfiaeM no OflHOMy 3/ieivieHTy b stot Macci/iB 1/1 Haxofli/iM ajih Hero Hy>KHoe MecTO. 

INSERTION-SORT (list A of n numbers) 

for i = 1 to n-1 
j = i 

while j > and A[j] < A[j-1] 
swap A[j] with A[j-1] 

j = j-1 



XyflLUMM cfiynai/i, Hi/icna OTCopn/ipoBaHbi b o6paTHOM nopaflKe: 
0(n2) cpaBHeHi/iPi h nepecTaHOBOK 

/lyHLUMM cnynai/i: Hi/icna OTCopn/ipoBaHbi b npaBi/mbHOivi nopaflKe: 
O(n) cpaBHeHMM m 0(1) nepecTaHOBOK 

CpeflHi/M cnynai/i: 

0(n2) cpaBHeHi/iPi h nepecTaHOBOK 

(Bufleo: BM3yafin3aL4na pa6oTbi anropi/iTivia copn/ipoBKi/i BCTaBKaMi/i - https:// 
www, youtube.com/watch ?v=8oJS1BMKE64 ) 

MOfle/lb BblHMCJieHMM RAM 

• +, *, -, =, Bbi30B, if - npocTaa onepauna, 1 war 

• unKfibi - K0M6nHaunM npocTbix onepau.ni/i 

• o6pameHi/ie k naiviaTM - 1 Luar 



AonOJIHMTe/lbHO 

OTKpbiTaa /iei<u,i/iH "Mto TaKoe a/iropi/iTMbi" - http://habrahabr.ru/postZ1 73385/ 

CCblJlKM 

1 . Bn3yafiM3auna anropi/iTMOB copn/ipoBKi/i (Bi/ifleo) https://www.youtube.com/watch? 
v=kPRA0W1kECg 

2. CpaBHMTenbHaa Bi/i3yajii/i3au,i/iFi anropi/iTMOB copn/ipoBKi/i http://sorting.at/ 

3. Eme OflHa Bi/i3ya/ii/i3au,i/iH c pa3HbiMn napaivieTpaMi/i http://www.sorting-algorithms.com/ 

4. CTaTbfl npo Hapnb3a E366i/iA>Ka i/i ero aHani/iTi/iHecKyio Mawi/iHy https://ru.wikipedia.org/ 
wiki/%D0%A7%D0%B0%D1 %80%D0%BB%D1 %8C%D0%B7 %D0%91 %D1 %8D 
%D0%B1 %D0%B1 %D0%B8%D0%B4%D0%B6 

5. AHajii/iTi/iHecKaa Mawi/ma b My3ee KOivinbiOTepHoPi ncTopnn (+BHfleo) http:// 
www.computerhistory.org/babbage/ 
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Mflea "pa3flenai/i 1/1 BnacTByM": pa3fleni/iTb 3aflany Ha HecKO/ibKO 6onee npocTbix 3aflan. 
JlnHeMHi=>iM noncx: HanaTb c Hanana 1/1 nocneflOBaTe/ibHO npoBepaTb ni/icna. 

flBOMHHblM nOMCK (pa60TaeT TOJlbKO B OTCOpTMpOBaHHOM MaCCMBG)! pa3fleflMTb MaCCUB Ha 

flBe nacTM, onpeflenwTb b k3kom M3 nacTefi HaxoflHTca Hyx<Hoe hmc/io, nepei/rn/i k HyxHOM 
Hac™, noBTopi/iTb onepauw/i. 

/lnHei/iHbii/i noi/iCK - npniviepHO n/2 cpaBHeHMM. 
flBOMHHbiM noncK - npwviepHO log2(n) cpaBHeHMM. 

fl/in wiaccMBa M3 100 3/ien/ieHTOB 

JlMHGMHblM nOMCK - 50.5 CpaBHGHMM 
flBOMHHblM nOI/ICK - 7.72 

log 2 (100) = 6.64 

fljifi MaccMBa M3 1000 3/iewieHTOB 

/lMHeMHbll/l nOMCK - 500.5 CpaBHGHI/M 
flBOMHHblM nOMCK - 10.976 

log 2 (100) = 9.96 



CopTupoBKa cjiMHHiieM (Merge sort) 

1 . Pa3fle/iMTb Macci/iB Ha flBe nacTM. 

2. ripoflOfi>KMTb flennTb Ka>KflyK) nacTb nononaM noKa He flOMfleM ao n OTCopTi/ipoBaHHbix 

MaCCMBOB, Ka>KflblM I/I3 KOTOpblX COCTOI/IT I/I3 OflHOrO 3JieMeHTa. 

3. CfiMBaTb OTCopTupoBaHHbie MaccuBbi nonapHO. 




MERGE-SORT (array A of n numbers) 
for i = 1; i < n; i = 2i 

for j = 0; j < (n - i); j = j + 2i 
Merge(A[j], i, 2i) 



MERGE (A, endl, end2) 

i = 0, j = endl, k = 0, temp = [] 

while i < endl AND j < end2 
if (A[i] < A[j]) 

tempfk] = A[i] 

i = i + l, k = k + 1 

else 

tempfk] = A[j] 
j=j+l,k=k + l 

while i < endl 

tempfk] = A[i] 

i = i + 1, k = k + l 

while j < end2 

tempfk] = A[j] 

j = j + 1, k = k + l 

for (i = 0; i < end2; i = i + 1) 
A[i] = tempfi] 



Big O 



Hac BOfiHyeT MacLUTa6i/ipyeiviocTb 

Hy>KHO onucaTb yBeni/iHei-ine pa6oTbi c yBefinneHneM MHCpopiviaunH 
ByfleM ncno/ib30BaTb cpyHKuni/i ot n 



k * g(n) 



f(n) e 0( g(n) ) 



f(n) e 0( g(n) ) ec/ii/i 
ecTb TaKne k, no > 0, 

HTO 

f(n) s k*g(n) 

Ana Bcex n > no 




f(n) Q 0( g(n) ) ec/iw 
ecTb TaKne k, no > 0, 

HTO 

f(n) a k*g(n) 

Ajifi Bcex n > no 




f(n) Q 0( g(n) ) ec/ii/i 

ecTb TaKne 

ki, k2, no > 0, hto 

ki*g(n)2>f(n)2>k 2 *g(n) 

fl/iFi Bcex n > no 




• Big O He no3BonaeT npeflyraflaTb i/mi/i oueHMTb npon3BOflHTe/ibHOCTb anropi/iTMOB 

• Big O onpefle/iaeT rpam/my pocTa 

• Big O no3BonaeT K/iacci/icpi/mi/ipoBaTb anropnTMbi 



fpacpbi 



BepujuHa 



BepiunHa 




BepujuHa 




fleoHapfl 3i/mep pewi/m 3aflany b 1 736 r. c noMombK) C03flaHH0M mm Teopi/ieM rpacpOB. 
KoHCTpyKUMK) mo>kho CMOfle/inpoBaTb c noMombK) rpacpa: 



3i/mep npi/iLue/i k cneflyiOLni/iM BbiBOflaivi: 

• Hmc/io HeneTHbix Bepwi/m (Bepwi/iH, k KOTopbiM BefleT HeneTHoe hmc/io pe6ep) rpacpa 

flOJl>KHO SblTb HeTHO. He MO>KGT CyifleCTBOBaTb rpaCp, KOTOpblM MMe/1 6bl HeneTHOe HMC/IO 

HeneTHbix BepujuH. 

• Ecjii/i Bee BGpniMHbi rpacpa neTHbie, to mo>kho, He OTpbiBaa KapaHflawa ot 6yiviarM, 
HanepTMTb rpacp, npn stom mo>kho HannHaTb c n\o6oi/\ Bepwi/iHbi rpacpa v\ 3aBepwi/iTb ero b 

tom BepLUMHe. 

• Tpacp c Sonee neivi flByMFi HeneTHbiMi/i BepwwHaMi/i hobo3mo>kho HanepTHTb oahhm 
pocnepKOM. 

TaK KaK b rpacpe, MOfleni/ipyiOLneM ceivib moctob KeHi/irc6epra, neTbipe HeneTHbie Bepwi/mbi, 

TO HeB03MO>KHO npOMTM no BCGM MOCTaM He npOXOflFI HI/I no OflHOMy 1/13 HI/IX flBa>Kflbl. 



A/iropiiTM fleiiKCTpbi 

Ana Haxox/ieHna KpaTHai/nuero ny™ Mex<fly flByMFi TOHKaMi/i Ha B3BenieHHOM rpacpe. 





Hyx<HO HafiTM KpaTHaMLUMM (caMbiM fleujeBbiM) nyTb ot tohkh A ao tohkh F. 
HannHaeM b Tonxe A. KaxflOM Bepwi/iHe npi/mi/icbiBaeM u,eny. l~loi<a Mbi He noceTi/mi/i hi/i OflHy 
Bepmi/iHy, BceM npi/ini/icbiBaeM 6ecKOHeHHyio neny. B naiviaTM flepx<i/iM MHOxecTBO 
nocemeHHbix Bepwi/iH. 

CnnTaeM neny flBuxeHna k Ka>KflOM 1/13 6ni/i>Kai/iLLJi/ix He nocemeHHbix Bepwi/iH (B, C, E). 
CpaBHMBaeM noflCHi/rraHHyio ueHy c yx<e 3anncaHHOM fl/in stmx Bepwi/iH. Be3fle ctoi/it 
6ecKOHeHHan ueHa, nosTOMy 3aMeHneM ee Ha HOByio (4, 3 m 7, cooTBeTCTBeHHo). Bbi6i/ipaeM 
caiviyK) fleujeByKD Bepwi/iHy i/i nepexofli/iM k Hew. noBTopneivi. 
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CTpyKTypbi flaHHbix. 
MaccuB 

- ynopaflOHeHHbii/i Ha6op aneivieHTOB 

- flOCTyn k 3/iGMGHTaM - no MHfleKcy 




flo6aBneHne aneivieHTa: 0(1) 
rioncK aneivieHTa: 0(n) 
Yfla/ieHne 3/ieivieHTa: 0(n) 



OTCOpTMpOBaHHbIM MaCCMB 

flo6aB/ieHne 3/ieivieHTa: 
rioncK aneivieHTa: 
Yfla/ieHne aneMeirra: 



0(n) 

0(l0g n) flBOHHHblH UOIACK 

0(n) 



ACCOUMaTMBHblM M3CCMB 

KofifieKuna nap "kjikdh -> 3HaHeHi/ie". Onepau.nn: 

- INSERT (key, value) 

- FIND (key) 

- REMOVE (key) 



ripniviepbi: 

- LUTpi/IX KOflbi: KOfl (k/1K)H) COOTBeTCTByeT 1/IHCpOpiViaUI/ll/l o TOBape (3HaHeHMe) 

- nacnopT: cepi/iMHbiM HOMep nacnopTa (kjikdh) COOTBeTCTByeT 3ani/ici/i b 6a3e flaHHbix 
rpaxflaH (3HaneHMe) 

Xeuj-Ta6jinu,a 

Pea/iM3aL4na accounaTi/iBHoro Macci/iBa. Xew-cpyHKUHfl reHepi/ipyeT HHfleKC Macci/iBa no 

KflKDHy. 



flo6aBneHne 3/ieivieHTa: 0(1) 
rioncK aneivieHTa: 0(1) 
Yfla/ieHne 3/ieivieHTa: 0(1 ) 

Pacnpefle/ieHue K/itoneM c non/iouibio xeui-cpyHKmiii 

Mto ec/in ncno/ib30BaTb npocTofi reHepaTop cnyHafiHbix nuce/i i/i pacnpeaermTb kjikdhi/i 
CfiynafiHO? 

ripniviep: 2500 ajieivieHTOB h 1 000 000 aneeK. ripn cfiynafiHOM pacnpeflenem/ii/i BepoaTHOCTb 
hto flBa aneivieHTa OKaxyTca b oahoi/i anei/iKe = 95% (cm. napaflOKC flHeM po>KfleHna https:// 
ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%B4%D0%BE%D0%BA 
%D1 %81 %D0%B4%D0%BD%D0%B5%D0%B9 %D1 %80%D0%BE 
%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D1%8F ) 

Mbl XOTI/IM MMHMMM3MpOBaTb COBnafleHI/IFI (CTO/lKHOBGHI/ia l/l Jl l/l KOJ1J1I/I3I/II/I). HaM Hy>KHa 

xopoujaa xeuj-cpyHKMna. 
XopoLuas xeLu-cpyHKunn 

- paBHOMepHoe pacnpefleneHne Kjuonei/i ana i\/ii/iHi/iMi/i3au,i/ii/i Kormi/i3i/ii/i 

- Ana HeKOTopbix 3aflan: Hy>KHO i/i36erai"b K/iacTepi/i3au,i/ii/i (cKon/iem/ia 3aHflTbix aneeK) 

Mflea/ibHan xeui-cpyHKui/iFi 

- HeT KOJ1J1I/I3I/II/I B006LUe 

- noi/icx 3a 0(1 ) b xyflLueM cnynae 

CB03HblM CnMCOK 

BiviecTO fiMHeMHoro ncno/ibsoBaHun naMFiTi/i Mbi xpam/iM aneivieHTbi pacnpeAeneHHO, npi/i stom 
KaxflbM sfieivieHT flonxeH xpam/iTb ccbmxy (aapec) Ha cneflyiOLni/ii/i sneivieHT. 



3HaHeHne I aflpec 



flo6aBneHi/ie aneivieHTa: 
rioncK a/ieivieHTa: 
yflaneHne a/ieivieHTa: 



0(1) 
0(n) 
0(n) 



ri/IIOCbl M MMHVCbl CBH3HblX CrWCKOB 

+ HeT npo6neM c naiviaTbK) iok y Macci/iBOB 
+ npocToe Ao6aBjieHi/ie/yAajiem/ie 

- cno>KHOCTb noncKa 

- flonofiHMTe/ibHbie 3aTpaTbi Ha yi<a3aTenn 



npoSneivia MeflneHHoro noi/iCKa b cbfi3hom cnncKe 

- "move-to-front heuristic" - nepeMemaTb HaPifleHHbii/i sneivieHT b Hanano cnncKa 

- MHfleKCbi: flonofiHMTe/ibHaa CTpyKTypa flaHHbix c yKa3aTermMn 



> • 

• • i 

/ \ 



flepeBbH 

- flepeBO (tree) - Ha6op CBH3aHHbix v3/iob 

- Y3efi (node) - coflep>Ki/iT flaHHbie 1/1 yKa3aTeni/i Ha cboi/ix 

nOTOMKOB 

- KopeHb (root) - y3en 6e3 poflMTe/ia 

- BHyTpeHHi/iM y3en - nivieeT KaK mhhhmvm oflHoro noTOMKa 

- /Imctobom y3en (leaf) - y3en, He wvieiOLni/ii/i nOTOMKOB 

flepeBO - peKypcuBHaa CTpyKTypa flaHHbix. 

- N v3jiob -> N-1 yKa3aTe/ieM (cTpenoK, pe6ep) 

- r~ny6i/iHa (depth) y3na - fl/ii/ma ny™ ot kophh 
AO y3na (Koni/inecTBO pe6ep) 

- BbicoTa (height) y3na - KO/innecTBO pe6ep b 

CaMOM fl/lMHHOM nVTI/l OT y3fia flO flMCTOBOrO 

y3/ia 

- BbicoTa flepeBa = BbicoTa kophh 
flBOMHHoe flepeBO 

y Ka>Kfloro y3/ia He 6onee flByx nOTOMKOB 

- Strictly binary tree (full binary tree) - Bee y3nbi 

KpOMe flMCTOBblX MVieiOT pOBHO flBa nOTOMKa 

- Complete binary tree - Bee y3Jibi Kpoivie 
nucTOBbix 3ano/iHeHbi, flepeBO paoreT cneBa 

- MaKCMManbHoe Koni/inecTBO v3jiob Ha ypoBHe i 

3T0 = 2' 

- MaKCMManbHoe KonnnecTBO v3/iob b flepeBe 

BblCOTOM h 3T0 2°+2 1 + . . .+2 h = 2 h +1-1 

- BbicoTa h = log(n+1)-1 
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Mbicnn: 

- fl/ia So/ibLUMHCTBa onepau.ni/i Bax<HbiM napaivieTpoM aBfiaeTca BbicoTa flepeBa 

- BbicoTy mo>kho MMHMMM3npoBaTb ecni/i flenaTb flepeBO "nnoTHbiM", 3anoriHaTb ero 

MaKCI/lMa/lbHO 

- C6anaHCi/ipoBaHHoe flepeBO - pa3Hi/iu,a b BbicoTe Me>Kfly npaBbiM i/i neBbiM noflflepeBOivi He 
npeBbnuaeT k (o6bNHO k=1) 



HecSanaHcupoBaHHoe flepeBO 


C6a/iaHcnpoBaHHoe AepeBO 
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KaK xpaHMTb ABOMHHbie flepeBbn b nan/mm? 

1. AHanornHHO CBH3HbiM cnncKaM, ncnonb30BaTb ccbi/iKu (yKa3aTenn) Ha noTOMKOB. 




2. XpaHem/ie b MaccuBe (arm full binary tree) 

fljin y3/ia no MHfleKcy i: 

MHfleKC neBoro noTOMKa - 2i+1 
MHfleKC npaBoro noTOMKa - 2i+2 



flBOMHHoe flepeBO noncKa (binary search tree; BST) 

Bee y3/ibi cneBa - MeHbwe, Bee y3/ibi cnpaBa - 6o/ibLue 

flBOMHHbM noncK: 0(log n) 
flo6aB/iem/ie: 0(log n) 

Yfla/ieHne: 0(log n) 

B xyflLueM cjiynae: 

flBOMHHbM noncK: O(n) 

flo6aB^eHne: O(n) 

Yfla/ieHne: O(n) 





HeoTcopTupoBaHbiii 

MaCCMB 


CBR3HNM CnMCOK 


OTCOpTMpOBaHHbIM 

Mace MB 


flBOMHHOe 

AepeBO noncKa 


riOMCK 


O(n) 


0(n) 


0(log n) 


0(log n) 


flo6aB/iem/ie 


0(1) 


0(1) 


0(n) 


0(log n) 


YAaneHne 


0(n) 


0(n) 


0(n) 


0(log n) 



Balanced search tree 

- ycnoBue: BbicoTa Bcerfla flon>KHa 6biTb 0(log n) 

- B 3tom cnynae Bee onepaui/ii/i 6yflyT 0(log n) i/i b cpeflHeM i/i b xyqweivi cnynae 

- Heo6xoflMMo: Bcerfla noAflep>Ki/iBaTb AepeBO b c6a/iai-ici/ipoBai-iHOM BMfle 

Red-Black tree 

CaM0-6anaHCnpyK)Lueeca ABOi/NHoe AepeBO noi/icxa (self-balancing binary search tree) 

1 . Oahh Aono/iHMTefibHbii/i 6mt b Kax<AOM y3fie f\nn yKa3aHHR uBeTa (KpacHbiPi / nepHbii/i). 

2. KopeHb AO/ixeH 6biTb nepHbiM 

3. y KpacHoro y3/ia AO/i>KHbi 6biTb nepHbie noTOMKi/i 

4. JIkdSom nyTb ot KopHa ao KOi-ma AO/ixeH coAepxaTb OAwnaKOBoe hi/icjio nepHbix y3/iOB. 




